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Description 

TUNNEL NOTCHER AND GUIDEWIRE 

DELIVERY DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to metliods and devices for 

repairing torn and/or damaged tissue, and in particular to 

methods and devices for creating a notch and positioning 

a guidewire within a bone tunnel. 
BACKGROUND OF THE INVENTION 

[0002] Ligaments are tough bands of tissue which serve to con- 
nect the articular extremities of bones, or to support or 
retain organs in place within the body. Ligaments are typ- 
ically composed of coarse bundles of dense white fibrous 
tissue which are disposed in a parallel or closely inter- 
laced manner, with the fibrous tissue being pliant and 
flexible, but not significantly extensible. 

[0003] In many cases, ligaments are torn or ruptured as a result 
of accidents or overexertion. Accordingly, various proce- 
dures have been developed to repair or replace such dam- 



aged ligaments. For example, in the human knee, the an- 
terior and posterior cruciate ligaments (i.e., the ACL and 
PCL) extend between the top end of the tibia and the bot- 
tom end of the femur. The ACL and PCL cooperate, to- 
gether with other ligaments and soft tissue, to provide 
both static and dynamic stability to the knee. Often, the 
ACL is ruptured or torn as a result of, for example, a 
sports-related injury. Consequently, various surgical pro- 
cedures have been developed for reconstructing the ACL 
so as to restore normal function to the knee. 
[0004] In many instances, the ACL may be reconstructed by re- 
placing the ruptured ACL with a graft ligament. More par- 
ticularly, with such procedures, bone tunnels are typically 
formed in the top end of the tibia and the bottom end of 
the femur, and one end of the graft ligament is positioned 
in the femoral bone tunnel and the other end of the graft 
ligament is positioned in the tibial bone tunnel. The graft 
ligament thus extends between the femur and the tibia in 
substantially the same way, and with substantially the 
same function, as the original ACL, thereby allowing the 
graft ligament to cooperate with the surrounding anatom- 
ical structures so as to restore normal function to the 
knee. 



[0005] When anchoring a graft ligament to the tibia and the fe- 
mur, the two ends of the graft ligament are typically at- 
tached to an anchoring member, such as a bone plug, that 
is inserted into a bone tunnel. Bone screws or similar fas- 
teners are often used to maintain each bone plug within 
its respective tunnel. Such a procedure typically requires a 
recess to be formed in the bone adjacent to the bone tun- 
nel to allow the bone screw to be inserted alongside the 
bone plug. The recess serves as a "starter hole" for the 
bone screw so that the screw can engage bone in a gener- 
ally proper direction with respect to the bone tunnel. As 
the bone screw is threaded into the bone, the resulting 
interference fit between the bone plug and the bone screw 
secures the graft ligament in place in the bone tunnel. 

[0006] Since ACL repair is typically performed arthroscopically, 
the current procedure for forming a bone recess requires 
the surgeon to estimate the best location for positioning 
the bone screw adjacent to the bone plug. In particular, 
current devices for forming a recess in a bone tunnel have 
a relatively large size that requires that the recess be 
formed before the bone plug is inserted into the tunnel, 
thus the surgeon cannot determine the best location for 
the recess, and consequently for the bone screw, in rela- 



tion to the bone plug. Once the recess is formed, a 
guidewire must be positioned between the anchoring 
member and a sidewall of the bone tunnel for delivering a 
bone screw to the tunnel at a location adjacent to the re- 
cess. Since the guidewire is delivered after formation of 
the notch, the position of the guidewire is often estimated 
as well. Accordingly, these methods and devices can result 
in misalignment of the bone screw, thus resulting in a 
high rate of divergence between the bone screw and the 
bone tunnel, and often in a loss of bone plug fixation 
within the bone tunnel. Unfortunately, screw/tunnel diver- 
gence is usually only identified postoperatively via radio- 
graphs, and the loss of bone plug fixation cannot be 
readily corrected, thereby resulting in an unsuccessful re- 
pair of a ruptured ACL. 
[0007] Thus, there remains a need for improved methods and 
devices for creating a notch and positioning a guidewire 
within a bone tunnel to provide an accurate, secure, and 

trouble-free fixation of a ligament within the bone tunnel. 
BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention generally provides a tunnel notcher 
and guidewire delivery device for creating a notch and po- 
sitioning a guidewire within a bone tunnel. In one embod- 



iment, the device includes an elongate member having 
proximal and distal ends with an inner lumen extending 
therebetween and adapted to receive a guidewire. The de- 
vice also includes a cutting element that is disposed on a 
distal portion of the elongate member and that is adapted 
to remove bone within an opening of a bone tunnel. A 
handle member can be disposed on or mated to a proxi- 
mal portion of the elongate member. The device can also 
optionally include a locking mechanism that is adapted to 
lock a guidewire extending through the lumen in the 
elongate member in a releasably fixed position with re- 
spect to the elongate member. The locking mechanism 
can include, for example, a threaded member, such as a 
set screw, that is disposed within a threaded bore formed 
in the handle. The threaded bore is in communication with 
the inner lumen of the elongate member and it allows the 
set screw to secure the guidewire in the releasably fixed 
position. 

[0009] The cutting element on the elongate member can be dis- 
posed at a variety of locations on the device, but in one 
embodiment, it is located on a distal portion of the distal 
end of the elongate member, and more preferably it is 
disposed proximal to the distal end of the elongate mem- 



ber. The cutting element can also have a variety of config- 
urations, shapes, and sizes, but in an exemplary embodi- 
ment it is substantially wedge-shaped and extends dis- 
tally outward from the elongate member. In an exemplary 
embodiment, the cutting element includes a distal-facing 
surface that is positioned at an acute angle with respect to 
a longitudinal axis of the elongate member. More prefer- 
ably, the cutting element is adapted to create a notch in 
bone having a substantially semi-circular shape such that 
the notch is effective to facilitate placement of a bone 
screw within a bone tunnel for securing a bone plug 
therein. 

[0010] The present invention also provides methods for prepar- 
ing a bone tunnel. In one embodiment, the method in- 
cludes the steps of positioning a tunnel notcher and 
guidewire delivery device between a bone plug and a 
sidewall of a bone tunnel and manipulating the device 
such that the cutting element removes a portion of bone 
to create a notch in or adjacent to an opening of the bone 
tunnel. The tunnel notcher and guidewire delivery device 
is then removed leaving a guidewire positioned between 
the bone plug and the bone tunnel adjacent to the notch. 
A bone screw can then be delivered along the guidewire to 



engage bone at the notch, and thereby secure the bone 

plug within the bone tunnel. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention will be more fully understood from the fol- 
lowing detailed description taken in conjunction with the 
accompanying drawings, in which: 

[0012] FIG. 1 is a perspective view of one embodiment of a tunnel 
notcher and guidewire delivery device according to the 
present invention; 

[0013] FIG. 2A is an enlarged view of a cutting element on the 
tunnel notcher and guidewire delivery device shown in 
FIG. 1; 

[0014] FIG. 2B is a side, cross-sectional view of the cutting ele- 
ment shown in FIG. 2A taken along a longitudinal axis of 
the tunnel notcher and guidewire delivery device; 

[0015] FIG. 2C is an end view of the tunnel notcher and guidewire 
delivery device shown in FIG. 1; 

[0016] FIG. 3A is cross-sectional view of a locking mechanism on 
the tunnel notcher and guidewire delivery device shown in 
FIG. 1; 

[0017] FIG. 3B is a cross-sectional view of the locking mechanism 

showon in FIG. 3A in the locked position; 
[0018] FIG. 4A is an illustration of a human knee having a bone 



tunnel formed therein; 

[0019] FIG. 4B is an illustration of the human knee shown in FIG. 
4A with a tunnel notcher and guidewire delivery device in 
accordance with the present invention being introduced 
into the bone tunnel; 

[0020] FIG. 4C is an illustration showing the tunnel notcher and 
guidewire delivery device of FIG. 4B disposed within the 
bone tunnel to remove bone, forming a notch within the 
opening of the bone tunnel; 

[0021] FIG. 4D is an illustration showing the tunnel notcher and 
guidewire delivery device of FIG. 4C removed from the 
bone tunnel, leaving a guide wire positioned within the 
bone tunnel adjacent to the notch; and 

[0022] FIG. 4E is an illustration showing a bone screw being de- 
livered along the guide wire shown in FIG. 4D to the bone 
tunnel in accordance with another embodiment of the 

present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0023] The present invention provides a device for creating a 
notch in a bone tunnel, and for positioning a guidewire 
within the bone tunnel. In general, as shown in FIG. 1, the 
device 10 includes an elongate member 12 having an in- 
ner lumen 12c extending therethrough and adapted to re- 



ceive a guidewire 16. A cutting element 18 is formed on 
or adjacent to a distal portion 13 of the elongate member 
12, and it is effective to remove bone within or adjacent to 
an opening of a bone tunnel. The device 10 can also in- 
clude a handle 14 mated to or formed on a proximal end 
12a of the elongate member 12 for grasping the device 
10. In use, the device 10 can be at least partially posi- 
tioned within a bone tunnel containing a bone plug, and it 
can be manipulated to form a notch within or adjacent to 
an opening of the bone tunnel using the cutting element 
18. The device 10 is also effective to deliver a guidewire 
16 to the bone tunnel at a location adjacent to the notch. 
The guidewire 16 can subsequently be used to deliver a 
fastening element, such as a bone screw, to the notch, 
thus allowing the bone screw to be threaded into the bone 
tunnel to secure the bone plug or other anchoring mem- 
ber within the tunnel. 
[0024] The methods and devices of the present invention are 

particularly advantageous in that they allow a surgeon to 
remove bone to form a notch within or adjacent to an 
opening of a bone tunnel after a bone plug or other an- 
choring member has been positioned in the bone tunnel, 
thereby ensuring proper positioning of the notch and 



subsequently of a fastening element with respect to the 
bone plug. The device 10 also eliminates the additional 
step of positioning a guidewire after the notch is formed 
since the guidewire is implanted using the tunnel notcher 
and guidewire delivery device, thus further providing 
proper alignment of the bone screw with the notch and 
the bone plug or other anchoring member disposed within 
the bone tunnel. 
[0025] Still referring to FIG. 1, the elongate member 12 of the 

tunnel notcher and guidewire delivery device 10 can have 
a variety of configurations, shapes, and sizes. As shown in 
FIG. 1, however, the elongate member 12 has a generally 
hollow cylindrical shape and it includes proximal and dis- 
tal ends 12a, 12b with an inner lumen 12c extending 
therebetween for slidably receiving a guidewire 16. The 
length I of the elongate member 12 can vary, but it 

e 

should be sufficient to allow the proximal end 12a of the 
elongate member 12 to remain outside a patient's body 
while the distal end 12b is positioned within a bone tun- 
nel, preferably between a bone plug or other anchoring 
member and a sidewall of the bone tunnel. 
[0026] The proximal end 12a of the elongate member 12 prefer- 
ably has a handle 14 mated thereto or formed thereon to 



facilitate grasping tlie device 10. While the handle 14 can 
have any shape and size, FIG. 1 illustrates a generally 
elongate handle 14 that extends in a direction that is sub- 
stantially transverse to a longitudinal axis L of the elon- 
gate member 12. Opposed gripping portions 14a, 14b, 
can be formed on the handle 14 to conform to a user's 
fingers. In particular, a distal-facing surface 15 of each 
gripping portion 14a, 14b, can be substantially concave 
for seating one or more fingers of the user. This allows 
the user to grasp the device 10 by positioning their fin- 
gers around the handle 14 so as to form a fist. A person 
skilled in the art will appreciate that a variety of handles 
or other devices can be used to facilitate grasping of the 
device 10. 

[0027] The distal end 12b of the elongate member 12 can also 
have a variety of configurations, but it should be adapted 
to be positioned between a bone tunnel and a bone plug 
or other anchoring member. The distal end 12b is also 
preferably configured such that at least a portion of it can 
be inserted into the bone tunnel to a particular depth to 
facilitate the correct positioning of the cutting element 18 
with respect to the bone tunnel. In an exemplary embodi- 
ment, shown in FIGS. 2A and 2B, the distal end 12b has a 



tapered tip 20 such that a diameter of the tip 20 de- 
creases in a proximal to distal direction. This facilitates 
insertion of the distal end 12b between the sidewall of the 
bone tunnel and the anchoring member. The distal end 
12b can also include markings 22 or other indicia dis- 
posed or formed thereon, as shown in FIGS. 1 and 2A, to 
indicate an insertion depth of the distal end 12b of the 
elongate member 12 into a bone tunnel. The markings 22, 
which are preferably located proximal to the cutting ele- 
ment 18, can optionally extend circumferentially around 
the elongate member 12 to facilitate visual access thereof. 
In an exemplary embodiment, the markings 22 are radio- 
opaque to allow x-ray visualization thereof during an 
arthroscopic procedure. 
[0028] As previously stated, the device 10 also includes a cutting 
element 18 that is formed on a distal portion 13 of the 
elongate member 12. The cutting element 18, which is 
shown in more detail in FIGS. 2A-2C, can have any config- 
uration and it can be disposed anywhere on the elongate 
member, but it should be effective to remove bone to 
form a notch adjacent to or within an opening of a bone 
tunnel. In an exemplary embodiment, as shown, the cut- 
ting element 18 is positioned proximal to the distal end 



12b of the elongate member 12, preferably just proximal 
to the tapered tip 20, to allow the tapered tip 20 to be 
disposed into a bone tunnel between a sidewall of the 
bone tunnel and a bone plug or other anchoring member 
disposed therein. The cutting element is also preferably 
disposed on one side of the elongate member 12, such 
that it is offset from the longitudinal axis I of the elongate 
member 12. In particular, the cutting element 18 can have 
a length Z(FIG. 2C) that is less than or equal to a diameter 
Dof the elongate member 12. Such a configuration will al- 
low the cutting element 18 to remove bone from the bone 
tunnel without coming into contact with and/or causing 
damage to the bone plug or other anchoring member dis- 
posed within the bone tunnel. 
[0029] The shape and size of the cutting element 18 can also 
vary, but in an exemplary embodiment it is substantially 
wedge-shaped such that it has a width w^that increases 
in a proximal to distal direction. A base portion 18b of the 
cutting element 18 is mated to or formed on the elongate 
member 12, and a cutting edge 18a is positioned a dis- 
tance d apart from the elongate member 12. The distance 
d(F\C. 2C) between the cutting edge 18a and the elongate 
member 12 can vary, but it should be sufficient to allow a 



portion of bone adjacent to or within a bone tunnel to be 
removed such that a notch is created for receiving a bone 
screw. The cutting edge 18a is also preferably positioned 
at a location that is distal of the base portion 18b with re- 
spect to the longitudinal axis I of the elongate member 
12. This can be achieved by providing a distal-facing sur- 
face 18c on the cutting element 18 that extends between 
the cutting edge 18a and the elongate member 12, and 
that is positioned at an acute angle o with respect to the 
longitudinal axis L of the elongate member 12. While the 
angle a can vary, in an exemplary embodiment, the angle 
a is in the range of about 20°to 70°. The distal-facing sur- 
face 18c can also optionally be substantially concave such 
that opposed edges 19a, 19b of the cutting element 18 
form cutting edges that are effective to remove bone. 

[0030] In another embodiment, the cutting edge 18a can have a 
substantially arcuate shape, such that the distance d be- 
tween the cutting edge 18a and the elongate member 12 
remains substantially constant along the entire length I of 
the cutting edge 18a. Such curvature of the cutting edge 
18a will facilitate removal of bone, and in particular it will 
allow a semi-circular notch to be formed in bone. 

[0031] As previously stated, the tunnel notcher and guidewire 



delivery device 10 includes an inner lumen 12c that ex- 
tends through the elongate member 12 and the handle 14 
for receiving a guidewire. Since the guidewire is preferably 
positioned within the inner lumen 12c during use of the 
device 10, the device 10 can optionally include a locking 
mechanism 24 formed thereon for maintaining a 
guidewire in a fixed position relative to the elongate 
member 12. While a variety of locking mechanisms known 
in the art can be used, FIGS. 1 and 3A-3B illustrate an ex- 
emplary embodiment of a locking mechanism 24 that is 
formed on the handle 14 of the elongate member 12. As 
shown, the locking mechanism 24 is in the form of a set 
screw 28 that is disposed within a threaded bore 26 
formed in handle 14. The threaded bore 26 is in commu- 
nication with the inner lumen 12c of the elongate member 
12. In use, as shown in FIG. 3B, the set screw 28 can be 
threaded into the threaded bore 26 to engage a guidewire 
16 that is disposed within the inner lumen 12c of the 
elongate member 12, thereby locking the guidewire 16 in 
a fixed position. 
[0032] The tunnel notcher and guidewire delivery device 10 of 
the present invention can be used in a variety of medical 
procedures for preparing a bone tunnel for receiving a 



fastening element, such as a bone screw, to secure an an- 
choring member disposed within the bone tunnel. In an 
exemplary embodiment, however, the device 10 is used to 
prepare a bone tunnel for anchoring a ligament therein, 
and in particular for arthroscopic femoral fixation of an 
anterior cruciate ligament (ACL) graft, as shown in FIGS. 
4A-4E. While various graft ligaments can be used, the 
graft ligament (not shown) is typically prepared by sepa- 
rating the graft into four tendon bundles, each of which is 
prepared by whip stitching a length of suture thereto. Two 
anchoring members, such as bone plugs, are then at- 
tached at each end of the ligament. 
[0033] An incision is then made, following medically acceptable 
patient preparation and anesthetization, near the end of 
the tibial bone 52 below the patella, and a bone tunnel 56 
is formed through the tibial and femoral bones 52, 54. For 
illustration purposes, FIGS. 4A-4E only show a bone tun- 
nel 56 formed in the femoral bone 54, however, a person 
skilled in the art will appreciate that the device and meth- 
ods of the present invention can be inserted through ei- 
ther or both of the femoral and tibial bones. One end of 
the graft ligament, i.e., the leading end, is then passed 
through the tibial tunnel into the femoral tunnel 56, and 



the other end of the graft ligament, i.e., the trailing end, 
remains outside of the tibial bone tunnel, thus permitting 
access through the tibial tunnel to the femoral tunnel 56. 
Again, for illustration purposes, FIGS. 4A-4E only show a 
bone plug 53 disposed within the femoral bone tunnel 56, 
and a graft ligament is not shown. 

[0034] In preparation for use, a guidewire 16 is inserted through 
the device 10 of the present invention, preferably such 
that a portion of the guidewire 16 extends from the distal 
end 12b of the elongate member 12 to facilitate insertion 
of the distal tip 20 of the device 10 into the bone tunnel 
56 between the bone plug 53 and a sidewall of the bone 
tunnel 56. The guidewire 16 is preferably locked in fixed 
position by rotating the set screw 28 of the locking mech- 
anism 24. Since most guidewires are relatively flexible, it 
is preferable to only have a small portion of the guidewire 
16 extend from the distal end 12b of the elongate mem- 
ber 12 to provide rigidity to the guidewire 16. 

[0035] The device 10 can then be inserted through the tibial 

bone tunnel 56 to position the tapered tip 20 of the elon- 
gate member 12 between the bone plug 53 and the 
femoral bone tunnel 56, as illustrated in FIGS. 4B and 4G. 
A mallet or other impacting tool can optionally be used to 



further impact the device 10 to advance it into the area 
between the bone plug 53 and the bone tunnel 56 to a 
desired depth. The radio-opaque markings 22 near the 
distal end 12b of the elongate member 12 can be used to 
indicate when the device 10 is at the correct depth. 

[0036] Once properly positioned, the device 10 is partially ro- 
tated about its longitudinal axis I such that cutting edge 
18a of the cutting element 18 moves in a semi-circular 
direction, thereby removing a portion of bone to create a 
notch 58. As shown in FIG. 4D, the notch 58 is formed 
within or adjacent to an opening of the bone tunnel 56. 
After creating the notch 58, the locking mechanism 24 is 
released by rotating the set screw 28 in the opposite di- 
rection, allowing the device 10 to be removed while leav- 
ing the guidewire 16 positioned within the bone tunnel 
56, as illustrated by FIG. 4D, between the bone plug 53 
and adjacent to the notch 58. 

[0037] A fastening element, such as a bone screw 80, as shown 
in FIG. 4E, can then be delivered by sliding the screw 80 
along the guidewire 16 toward the notch 58. An insertion 
tool or driver mechanism 70, as shown, can optionally be 
used to advance the screw 80 along the guidewire 16, and 
to thread the screw 80 into the bone tunnel 56. When the 



bone screw 80 is positioned adjacent to tlie bone tunnel 
56, tlie notch 58 will allow the threads of the bone screw 
80 to engage the bone, and thus further rotation of the 
screw 80 will secure the bone plug 53 in the bone tunnel 
56. 

[0038] One skilled in the art will appreciate further features and 
advantages of the invention based on the above-de- 
scribed embodiments. Accordingly, the invention is not to 
be limited by what has been particularly shown and de- 
scribed, except as indicated by the appended claims. All 
publications and references cited herein are expressly in- 
corporated herein by reference in their entirety. 

[0039] What is claimed is: 



